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CONSTRUCTION DAMPER WITH AT LEAST
ONE AT LEAST IN REGIONS LADDER-LIKE
CONSTRUCTED THRUST DAMPING PART

CROSS-REFERENCE TO RELATED D
APPLICATIONS

This application 1s a National Stage of International patent
application PCT/EP2020/053123, filed on Feb. 7, 2020,
which claims priority to foreign German patent application 19
No. DE 10 2019 201 682.0, filed on Feb. 8, 2019, the
disclosures of which are incorporated by reference 1n their
entirety.

FIELD OF THE INVENTION 15

The present invention relates to a construction damper
with at least one at least 1n regions ladder-like constructed
thrust damping part which has at least two longitudinal
beams which are connected to each other by at least two 20
rung-like transverse beams which are aligned parallel to
cach other 1n a first alignment, wherein the rung-like trans-
verse beams at their ends each are connected to the longi-

tudinal beams 1n a bending-rigid manner.
25

BACKGROUND

Construction dampers are used to dissipate Kinetic energy
introduced from the outside 1nto a construction (the term 1s
intended to be broadly understood and covers, among other 30
things, any buildings, bridges or towers). This 1s usually
done by converting the kinetic energy into thermal energy.
This process, also known as dissipation, prevents damage to
the construction as a result of such acceleration eflects and
movements as can be caused, for example, by earthquakes or 35
the like.

There 1s already a whole range of diflerent construction
dampers that use the damping properties of diflerent mate-
rials or systems for dissipation. One principle that 1s very
widely known, especially from vehicle construction, 1s 40
damping by means of hydraulic oil. Another principle of
particular economic interest for constructions 1s the use of
plastic deformation of steel sheets. Such a damping system
based on the deformation of steel sheets 1s nowadays
referred to 1n German as “Stahl-Hysterese-Dampier” and in 45
English as steel hysteretic damper (SHD damper for short).

A common design of such a SHD damper consists in
principle of long thin steel sheets arranged in the manner of
a truss rod in the structure of a construction 1n such a way
that they are alternately loaded exclusively in tension or 50
compression due to the construction being set 1n vibration.

To prevent the relatively thin sheets from buckling under the
high normal force load, these dampers usually have not only

a single sheet strip but additional rigidity means. Thus, a
cross-shaped sheet cross-section 1n plan view has become 55
established and 1s additionally arranged in a mortar-filled
sheathing tube. The mortar-filled sheathing tube prevents the
sheet strip from bulging or buckling under the load and
stabilizes 1t when 1t undergoes alternating plastic deforma-
tion. The resulting load-deformation diagram shows a curve 60
in the form of a hysteresis loop. The design of a SHD
damper with a truss rod stabilized against bulging 1s nowa-
days referred to 1n English as buckling restrained brace
(BRB damper for short).

SHD dampers are significantly less expensive than 65
hydraulic dampers. However, usually and especially 1n the
construction of a BRB damper, they require a large length so

2

that they can develop the necessary damping eflect. For this
reason, they are mainly used for damping large buildings
where suflicient installation space 1s available. Another
design-related disadvantage with especially BRB dampers 1s
that due to the ngidity means, the inner workings of the
dampers responsible for the damping eflect cannot usually
be seen. It 1s therefore diflicult to judge the condition of a
BRB damper from the outside. In addition, the very large
dimensions of BRB dampers result 1n that it 1s very costly to
replace a damaged BRB damper after an earthquake.

Thus, there have been repeated 1nvestigations 1n the past
as to how the plastic deformation of steel could be used 1n
other ways to damp a construction. One approach that was
investigated more than 25 years ago 1s the generation of
shear forces 1n so-called shear hysteretic panels (SHP damp-
ers for short). These are ladder-like, tlat thrust damping parts
in which two longitudinal beams are connected to each other
by at least two (but usually considerably more than two)
bending-rigidly attached transverse beams. Damping 1s
ellected 1n such a way that a normal force 1s introduced nto
one of the two longitudinal beams, which is transmitted 1n
a damped manner to the other longitudinal beam by the
transverse beams deformed by the thrust force. If a pendu-
lum motion occurs, the normal force introduced into the
longitudinal beam will alternately be a tensile or a compres-
sive force, which 1s dissipated by the plastic deformation of
the interposed transverse beams. Here, too, a load-deforma-
tion curve with the course of a hysteresis loop 1s produced.

However, even with this design, buckling of the trans-
verse beams can easily occur. In addition, such a SHP
damper can only receive an extremely small deformation,
which 1n particular does not permit its use for damping
carthquakes 1n large and tall constructions. Moreover, the
problems of bulging and buckling of the transverse beams
increase even more as the deformations become larger. As a
result, research on SHP dampers has been discontinued and
no practical application of such SHP dampers for damping
constructions has occurred.

SUMMARY OF THE INVENTION

Thus, the object of the invention 1s to provide a construc-
tion damper that requires less space than a BRB damper, but
at the same time does not have the limitations inherent 1n
SHP dampers with regard to the deformation path and the
buckling problem.

The problem can be solved by a construction damper with
at least one at least 1n regions ladder-like constructed thrust
damping part which has at least two longitudinal beams
which are connected to each other by at least two rung-like
transverse beams which are aligned parallel to each other in
a first alignment, wherein the rung-like transverse beams at
their ends each are connected to the longitudinal beams 1n a
bending-rigid manner, wherein the thrust damping part has,
according to the invention, a spatial structure in which at
least two further rung-like transverse beams extending par-
allel to each other are arranged in a second alignment
deviating from the first alignment.

Thus, the 1dea of the mvention 1s to take up again the
principle of damping by means of shear forces 1n ladder-like
thrust damping parts, which has actually already been writ-
ten ofl among experts. This, in turn, 1s based on the real-
ization that bulging can be controlled and that the ladder-like
structure of the thrust damping part in particular offers a
basic layout that can be adapted very well to different
requirements.
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Thus, according to the invention, the conventional plate-
shaped thrust damping part used mm SHP dampers 1s con-
verted 1to a spatial structure that i1s significantly better
stabilized against bulging or buckling. This spatial structure
1s created by providing additional rung-like transverse
beams which are arranged 1n a second alignment deviating
from the alignment of the first rung-like transverse beams. In
addition, by increasing the number of transverse beams for
the same length of the longitudinal beams, an increase in the
maximum forces to be absorbed can be achieved. The result
1s significantly improved buckling behavior compared with
conventional SHP dampers, with 1n total greater maximum
forces that can be absorbed.

According to one development, the thrust damping part
has several transverse beam planes with at least one trans-
verse beam arranged therein, wherein the transverse beam
planes are arranged parallel spaced apart along the longitu-
dinal axis of the thrust damping part. In other words, several
parallel transverse beam planes are spanned along the lon-
gitudinal axis of the thrust damping part with at least one
transverse beam disposed therein. The parallel arrangement
of the transverse beam planes results 1n all transverse beams
having one common alignment, which means that they can
all be stressed for thrust in an effective direction transverse
to the transverse beam plane.

According to one development, at least two transverse
beams are arranged 1n each transverse beam plane, of which
at least one transverse beam extends in the first alignment
and one further transverse beam extends in the second
alignment. This allows the transverse beams to stiflen each
other 1n the respective transverse beam plane.

Preferably, several transverse beam planes are arranged at
the same distance from each other along the longitudinal
axis of the thrust damping part. This standardizes the force
distribution and simplifies manufacture.

Accordingly, at least two transverse beam planes each
with at least two, preferably four, transverse beams arranged
therein can be provided in the thrust damping part. The
maximum force that can be introduced into the construction
damper can be controlled by the number of transverse
beams. The higher the maximum forces to be absorbed, the
more transverse beams and transverse beam planes respec-
tively must be provided. In this respect, there 1s no upper
limit to the number of possible transverse beam planes.
According to the invention, this results in a very easily
adjustable construction damper with respect to the maxi-
mum deformations to be absorbed.

Preferably, the thrust damping part 1s at least partly made
of metal. In particular, an 1implementation of the thrust
damping part made of steel has great advantages 1n that steel
1s already a widely used material 1n this field of application
and 1s therefore well researched 1n terms of its material
behavior. Steel can be easily and repeatedly plastically
deformed.

According to one development, at least one, preferably
all, transverse beam(s) has a thickness which increases
towards both ends. This makes the connection of the trans-
verse beams to the longitudinal beams particularly bending-
rigid. Thus, very large thrust forces can be introduced 1nto
the transverse beams.

According to one development, the thrust damping part
has a symmetrical, polygonal and/or round ground plan in
plan view of 1ts longitudinal axis. Such a design of the
ground plan of the spatially constructed thrust damping part
ensures particularly good stiflening of the diflerent trans-
verse beams among each other, also covering torsional
forces.
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According to one development, the thrust damping part
has at least three, preferably four, longitudinal beams. Thus,
in plan view of 1ts longitudinal axis, the thrust damping part
can have a tniangular or quadrangular ground plan.

Thereby 1t 1s useful 1f the longitudinal beams of the thrust
damping part are arranged in the corners of a thrust damping
part with a polygonal ground plan. In this way, one longi-
tudinal beam can be used to attach transverse beams of two
different alignments. A construction damper designed 1n this
way 1s, thus, particularly ethicient.

According to one development, 1t 1s concelvable that the
longitudinal beams and the transverse beams of the thrust
damping part are welded together, in particular if they are
made of metal. The welding ensures a particularly rigid
connection of longitudinal and transverse beams.

Alternatively or additionally, the thrust damping part can
have at least one elongated plate having several parallel slots
extending transversely to the longitudinal axis of the plate.
This results 1n an at least 1n regions flat, ladder-like structure
that 1s very easy to manufacture, but at the same time has
several transverse beams created by the slots.

Preferably, the thrust damping part has several multiple-
slotted plates arranged at an angle to each other 1n plan view
of its longitudinal axis. In this way, the thrust damping part
can be constructed 1n total from a number of slotted plates,
which makes 1t particularly easy to manufacture.

The plates can also be L-shaped constructed profiles
whose leg plates are each slotted several times. Such an
L-shaped profile 1s easy to machine and 1s also very eflicient
in terms of manufacturing costs.

However, it 1s also conceivable that the thrust damping
part has a tube 1n which 1n at least one tube wall several
parallel slots extending transversely to the longitudinal axis
of the tube are arranged and constructed in such a way that
in the longitudinal direction of the tube there are at least two
continuous wall sections. These continuous wall sections
form the longitudinal beams of the thrust damping part,
while the wall sections extending transversely to the longi-
tudinal axis between the slots form the rung-like transverse
beams.

In the simplest embodiment, it 1s conceivable to use a
cylindrical tube of steel as the starting product and to slot 1t
several times on both sides, for example, so that two
longitudinal beams and transverse beams each extending left
around or right around, respectively, from left and right of
these longitudinal beams are formed, which then absorb
tensile pressure movements applied along a longitudinal axis
of the tube 1n response to thrust in a damping manner.
However, since this simplest embodiment can result in
relatively long lengths of the transverse beams, it may be
usetul to shorten the length of the slots and, thus, increase
the width of the longitudinal beams.

Alternatively, the slots can each be shorter and provided
in greater number for this purpose. In this way, the tube can
be divided into four quarter-circle segments. At least one slot
not covering the entire segment 1s arranged 1n each segment.
If several such slots are arranged in parallel along the
longitudinal axis, four unslotted regions are formed which
extend along the longitudinal axis and which each form a
longitudinal beam. In this way, a thrust damping part with
four longitudinal beams and many transverse beams
arranged 1n the same planes can be produced 1n a relatively
simple manner from a round tube.

According to one development, at least one tube wall 1s at
least partially flat and/or curved. The tube may also have a
round and/or polygonal cross-section in plan view of its
longitudinal axis. Square tubes in particular have great
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advantages 1n terms of production technology and can be
used very well for implementing the invention. In this case,
it 1s particularly easy to obtain flat and ladder-like tube wall
sections which can be well constructed 1n terms of their
damping behavior.

According to one development, at least one thrust damp-
ing part has at least one, preferably clasp-like constructed,
force introduction means. This can connect at least the ends
of two non-adjacent longitudinal beams of one thrust damp-
ing part. Non-adjacent longitudinal beams are to be under-
stood as longitudinal beams which are loaded with tension
or compression 1n the same direction, while adjacent longi-
tudinal beams are to be understood as longitudinal beams
which are connected to the respective longitudinal beam by
transverse beams and are, thus, loaded 1n the respective
opposite direction. In practice, at least one longitudinal
beam 1s, thus, bridged by the force introduction means. Due
to the force introduction means, the force 1s nevertheless
introduced evenly into the two respective adjacent longitu-
dinal beams.

According to one development, at least one first force
introduction means 1s attached to the two ends located on
one side of two diagonally opposite, non-adjacent longitu-
dinal beams of a thrust damping part that 1s quadrangular 1n
ground plan. A second force introduction means 1s then
tastened diagonally to the two ends located on the other side
of the other two longitudinal beams. The two force intro-
duction means are, thus, arranged at 90° to each other at the
construction damper or the thrust damping part. As a result,
the two force transmission means do not interfere with each
other even in the moving state. This 1s not the case even 1f
they are constructed to at least partially encompass the thrust
damping part.

According to one development, at least one force intro-
duction means 1s constructed as a tlat plate with a u-shaped
recess, the legs of which laterally encompass the thrust
damping part and at the leg ends of which a load introduc-
tion beam connecting the two leg ends 1s arranged, which 1s
connected to the ends of two longitudinal beams. Thus, the
load introduction beam 1s suitably fastened, for example
welded, to the ends of the legs after the force introduction
means has been introduced.

Usetully, at least one force introduction means has a
fastening means, which in turn preferably has a bore for
attaching or fastening the construction damper to the con-
struction, wherein the bore i1s arranged on the side of the
force introduction means opposite the load introduction
beam.

According to one development, at least two thrust damp-
ing parts are connected by means of at least one connecting
means. In this way, a module-shaped structure can be created
in which, depending on the required maximum damping
ellect, several thrust damping parts are brought into an
operative connection with each other by such connecting
means. If, for example, two i1dentically constructed thrust
damping parts are connected to each other, this allows the
maximum deformations that can be absorbed to be doubled
compared to an embodiment with only one such constructed
thrust damping part.

The series connection of several thrust damping parts
constructed according to the invention enables the absorp-
tion of large deformation paths, which 1s so important for
construction damping of earthquakes with high bulging and
buckling stability. By using several thrust damping parts of
the same structure, 1t 1s possﬂjle to create a modular structure
that offers major advantages i1n terms of production tech-
nology. In this way, a damper that can be readily adapted to
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6

a wide range of conditions can be created with relatively
little effort. It 1s only necessary to connect a suil

icient
number of thrust damping parts to each another, depending
on the operating conditions. In this way, i1t 1s 1n particular
also possible to overcome the disadvantages of the low
deformation capacities of conventional SHP dampers, which
were previously considered msurmountable.

It 1s also useful 11 at least one thrust damping part has a
damping effect which differs from that of the other thrust
damping part(s). This can be done, for example, by having
a different number of transverse beams. In this way, the
damping eflect of the construction damper can be adjusted
very precisely to the expected loads to be damped.

According to one development, two differently rigid
thrust damping parts are connected to each other in such a
way that in case of a small earthquake only the less rigid
thrust damping part 1s activated and in case of a large
carthquake both the more rigid and the less rigid thrust
damping part are activated. Thus, by connecting difierent
thrust damping parts 1n series, the damping properties of the
construction damper can be specifically designed for earth-
quake loads of different magnitudes.

Alternatively, at least two differently rigid thrust damping
parts are connected to each other 1n such a way that 1n case
of a small earthquake only the less rigid thrust damping part
1s activated and in case of a large earthquake only the more
rigid thrust damping part (8) 1s activated. This leads to a
smoothing of the hysteresis curve, 1.e. the damping proper-
ties, of the construction damper in the load-deformation
diagram.

So that the activity of a thrust damping part can be
influenced 1 a targeted manner, at least one connecting
means has a locking system for limiting and/or suppressing
movements of at least one thrust damping part arranged
therein.

According to one development, the connecting means has
two u-shaped recesses, the legs of which each laterally
encompass one thrust damping part and at each of the leg
ends of which there 1s arranged a load introduction beam
connecting the two leg ends, which 1s connected to the ends
of two non-adjacent longitudinal beams of the respective
thrust damping part. In other words, the connecting means
also bridges the respective adjacent longitudinal beam.

BRIEF DESCRIPTION OF THE

DRAWINGS

The invention 1s explained 1n more detail below with
reference to examples of embodiments shown 1n the draw-
ings. These schematically show:

FIG. 1 a BRB damper known from the prior art;

FIG. 2 a SHP damper known from the prior art;

FIG. 3 a first embodiment of a construction damper
according to the mvention;

FI1G. 4a the section A-A shown 1n FIG. 3;

FI1G. 45 the section B-B shown 1n FIG. 3;

FIG. 5 a second embodiment of a construction damper

according to the mvention;
FIG. 6a the section A-A shown 1n FIG. 5;

FIG. 654 the section B-B shown 1n FIG. 5;
FIG. 7 a third embodiment of a construction damper

according to the mvention;
FI1G. 8a the section A-A shown 1n FIG. 7;

FI1G. 854 the section B-B shown 1n FIG. 7;

FIG. 9a a section A-A corresponding to FIG. 8a through
a fourth embodiment of a construction damper according to
the invention;
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FIG. 956 a section B-B corresponding to FIG. 85 through
a fourth embodiment of a construction damper according to
the invention;

FIG. 10a an embodiment of a transverse beam with
constant height;

FIG. 106 an embodiment of a transverse beam with a
beam height increasing towards the beam ends;

FIG. 10¢ another alternative embodiment of a transverse

beam with a beam height increasing towards the beam ends;
FIG. 11 a fifth embodiment of a construction damper

according to the mvention;
FI1G. 12 the section C-C shown in FIG. 11 with represen-

tation of the internal force distribution;
FIG. 13 a side view of a portion of the sidewall of the in

regions ladder-like constructed thrust damping part shown in
FIG. 11 1n the deformed state;
FI1G. 14 a force-deformation diagram showing a bilinearly

modeled deformation behavior of a construction damper
according to the mvention;

FIG. 15 the computationally determined deformation
behavior of the construction damper according to the inven-
tion shown 1n FIG. 11;

FIG. 16a a first embodiment of a thrust damping part
welded together from several parts;

FIG. 165 a second embodiment of a thrust damping part
welded together from several parts;

FIG. 16¢ a third embodiment of a thrust damping part
welded together from several parts;

FIG. 17 a sixth embodiment of a construction damper
according to the mvention with two square-tube-shaped
thrust damping parts;

FIG. 18 a seventh embodiment of a construction damper
according to the invention with three square-tube-shaped
thrust damping parts;

FIG. 19 an eighth embodiment of a construction damper
according to the invention with two differently constructed
square-tube-shaped thrust damping parts, one having fewer
transverse beam planes than the other;

FIG. 20 a section through the embodiment shown 1n FIG.
19;

FIG. 21 an enlarged section of the section shown in FIG.
20;

FIG. 22a the mechanical system of the embodiment
shown 1n FIG. 19 with gap connection system;

FI1G. 226 the mechanical system of an embodiment con-
structed according to FIG. 19 which additionally has a
locking system for one of the two thrust damping parts;

FI1G. 23 the multilinear modeled deformation behavior of
the construction damper according to the invention shown in
FI1G. 19; and

FIG. 24a the computationally determined deformation
behavior of a construction damper constructed according to
FIG. 22a with a gap connection system;

FIG. 24b the computationally determined deformation
behavior of a construction damper constructed according to
FIG. 2256 with a locking system;

FIG. 25a a first example of how a construction damper
according to the imnvention can be installed 1n a construction;

FIG. 255 a second example of how a construction damper
according to the invention can be installed 1n a construction;
and

FIG. 25¢ a third example of how a construction damper
according to the invention can be installed 1n a construction.

DETAILED DESCRIPTION

The construction damper 1 shown 1 FIG. 1 1s a conven-
tional BRB damper in which a steel beam 2 with a cruciform
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cross-section 1s arranged 1n a tube 4 filled with mortar 3. The
tfriction between the steel beam 2 and the mortar 3 1s reduced
by a lubricant layer placed between them so that the steel
beam 2 can deform relatively freely in the longitudinal
direction within the mortar 3.

If an earthquake occurs, a normal force 1s introduced 1nto
the construction damper 1 under which the steel beam 2
mitially deforms elastically and then plastically after
exceeding the yield point. The plastic deformation continues
until the oscillatory motion of the construction is reversed.
After imitial elastic deformation, yielding occurs again until
the oscillatory motion of the construction 1s reversed again
and the construction starts to move in the other direction.
With yielding of the steel beam 2, a part of the kinetic energy
1s converted mto thermal energy. This damping gradually
reduces the pendulum motion of the construction.

FIG. 2 shows a construction damper 1 as known 1n the
prior art as a so-called SHP damper. This has a flat, ladder-
like thrust damping part 5, which has at least two longitu-
dinal beams 6 and 8, which 1n turn are connected to each
other 1n a thrust-resistant manner by at least two, 1n this case
seven, transverse beams 7. The operating principle 1s such
that, due to an action introduced into the construction (e.g.
impact load or earthquake load), a force F 1s introduced into
the longitudinal beam 6 and from there 1s introduced by the
bending-rigidly connected transverse beams 7 into the sec-
ond longitudinal beam 8, which 1s located below in the
present case. Thus, damping takes place by the plastic
deformation of the transverse beams 7 generated by thrust
forces.

As already explained above, 1t has been shown that the
flat, ladder-like thrust damping part 5 of an SHP damper 1s
very sensitive to buckling of the transverse beams 7 and
generally also does not develop suflicient damping etlect to
be used 1n large and high buildings for damping earthquake
loads.

The solution according to the immvention 1s shown 1n the
first embodiment of a construction damper 1 according to
the invention shown in FIG. 3, FIG. 4aq and FIG. 45. This has
a thrust damping part S with a spatial structure in which at
least two (in this case eight) transverse beams 7 extend 1n a
first alignment 7 (1in FIG. 45 starting from the longitudinal
beam 6 and curving downwards in a right-hand direction)
and at least two (1n this case eight) further rung-like trans-
verse beams 9 arranged parallel to each other extend 1n a
second alignment deviating from the first alignment (1n FIG.
4b starting from the longitudinal beam 6 and curving down-
wards 1n a left-hand direction). With the aid of this spatial
structure of the thrust damping part 3, it 1s possible to
overcome the main disadvantage of conventional SHP
dampers, namely the severely limited deformability of the
transverse beams before any buckling of the transverse
beams occurs.

The thrust damping part 5 has an overall elongated shape.
Its longitudinal direction extends in the x-direction in the
present case in which the two longitudinal beams 6 and 8
also extend. In this respect, the horizontal force F to be
introduced 1nto the construction damper 1 1s introduced nto
the first longitudinal beam 6 and introduced 1nto the second
longitudinal beam 8 by the transverse beams 7 of the first
alignment and the transverse beams 9 of the second align-
ment and, due to the deformation of the transverse beams 7
and 9, 1s reintroduced into the construction 1 a damped
manner from the thrust damping part 5 or the construction
damper 1.

As can be seen 1n particular from the sectional views of
FIG. 4a and FIG. 45, the thrust damping part S has a circular
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cross-section 1n the plan view of 1ts longitudinal axis. Thus,
it can also be described as a multiple-slotted round tube with
a circular cross-section and the outer diameter b and a
thickness t.

Thus, the longitudinal axes of the curved transverse
beams 7 and 9 extend 1n a respective plane parallel to the y-z
plane. If the transverse beam planes 1n FIG. 3 are numbered
from lett to right, the first transverse beam plane of the thrust
damping part 5 extends parallel to the y-z plane as the first
plane. This first transverse beam plane 1s followed by seven
turther transverse beam planes, viewed from leit to right, 1n
cach of which one transverse beam 7 of the first alignment
and one transverse beam 9 of the second orientation are
arranged. In this respect, the construction damper 1 shown
in FIG. 3 has a thrust damping part 5 with eight transverse
beam planes and 16 transverse beams 7, 9. In the embodi-
ment shown here, the transverse beam planes are all
arranged at the same distance from each other along the
longitudinal axis of the thrust damping part 5 extending 1n
the x-direction.

The second embodiment of a construction damper 1
according to the invention shown in FIG. 5, FIG. 64 and
FIG. 656 differs from the first embodiment 1n that here four
longitudinal beams 6, 8, 10 and 12 are arranged parallel to
each other and four transverse beams 7, 9, 11 and 13 are
arranged 1n each of the eight transverse beam planes. Thus,
with the same total load F, the force introduced into the
respective longitudinal beams 6, 8, 10, 12 can be halved
(F/2) compared to the first embodiment.

The third embodiment of a construction damper 1 accord-
ing to the mvention shown 1 FIG. 7, FIG. 8a and FIG. 8b
differs from the first two embodiments, in addition to the
smaller number of transverse beam planes (five instead of
cight), primarily in that the thrust damping part 5 has a
substantially square ground plan in the plan view of its
longitudinal axis. Thus, the thrust damping part 5 now has
four straight transverse beams 7, 9, 11, 13 per transverse
beam plane 1nstead of the curved ones. Thus, 1t can also be
described as a tube of thickness t with a square cross-section
and external width b that 1s slotted several times at the side
walls.

As can be seen 1n particular from FIG. 85, 1n the embodi-
ment shown here the four longitudinal beams 6, 8, 10, 12 are
cach located in the corners of the tube or of the thrust
damping part 5. This has advantages in manufacturing.
However, 1t also leads to a deformation behavior of the
thrust damping part 5 that 1s easier to control.

As an alternative to a square ground plan, however, it 1s
also concetrvable to use a rectangular ground plan for the
thrust damping part 3, as exemplified by the sections shown
in FIG. 9q and FIG. 95. In this way, diflerent rnigidity of the
thrust damping part 5 can be generated.

The rigidity of the thrust damping part 5 can also be
controlled by shaping the height of the transverse beams. For
example, 1t 1s concervable to use transverse beams 7 with a
constant height, as shown 1 FIG. 10a. However, shapes 1n
which the transverse beams 7 have an increasing height at
their ends, as shown 1 FIG. 1056 or 1n FIG. 10¢, have proved
to be particularly suitable.

The fifth embodiment of a construction damper 1 accord-
ing to the mvention shown n FIG. 11 1s an embodiment 1n
which the thrust damping part 5 i1s constructed 1n principle
in the same way as the third embodiment shown 1n FIG. 7.
Here, too, the thrust damping part 5 has a square ground plan
in plan view. However, 1t has six transverse beam planes
instead of five. In each of the transverse beam planes, just as
in the third embodiment, four differently aligned, flat trans-
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verse beams 7, 9, 11, 13 are arranged. The transverse beams
7,9, 11, 13 1n turn have a shape as shown 1n FIG. 1054. Thus,
they all have a beam height that increases towards the beam
ends.

In this case, the force 1s introduced by means of two plate-
and clasp-like force introduction means 14 and 17 each of
which has a bore 16 and 19 for fastening to the construction
and, thus, for imntroducing force into the construction damper
1. Forced introduction means 14 has a U-shaped recess for
accommodating thrust damping part 5 with parallel legs 30
defining the recess. Force introduction means 17 has a
U-shaped recess for accommodating thrust damping part 3
with parallel legs 31 defiming the recess. The two force
introduction means 14 and 17 are rotated by 90° relative to
cach other and are each attached to two non-adjacent lon-
gitudinal beams 8 and 12 or 6 and 8. In the present case, they
are welded longitudinally to the respective longitudinal
beams 6, 8, 10, 12. After fastening the thrust damping part
5, a traverse 15 or 18 1s fastened to the ends of each of the
two clasp-like force introduction means 14 and 17. These
again significantly stabilize the respective force introduction
means 14 and 17 and also lead to an enlarged stability of the
thrust damping part 5 and of the entire construction damper
1. Due to the spatial structure of the thrust damping part 5
achieved 1n this way, a construction damper 1 constructed 1n
accordance with the invention 1n this way shows a maximum
force absorption capacity enlarged by the number of trans-
verse beams, with a considerably improved stability and
load-bearing capacity of the construction damper 1 accord-
ing to the invention with respect to bulging, compared to a
conventional SHP damper.

As can be seen from the spatial sectional view 1n FI1G. 12,
the force F introduced into the construction damper 1 1s

introduced into the two non-adjacent longitudinal beams 8
and 12 of the thrust damping part 5 by the bore 16 and the
force introduction means 14. This leads to a deformation of
the transverse beams 7, 9, 11, 13 and to a reaction force F/2
in the two longitudinal beams 6 and 10.

FIG. 13 shows the deformation of the transverse beams 7
by the dimension d at the end and the angle v.

FIG. 14 now shows the deformation behavior of a con-
struction damper 1 according to the invention 1n a force-
deformation diagram. This can be simplified bilinearly as
shown with the solid line. The dotted line shows the actual
behavior. Accordingly, elastic deformation initially occurs
as the force increases sharply. When the force designated as
F 1s reached, yielding of the transverse beams occurs. Now,
only a little more force can be introduced into the transverse
beams. Simplified, however, it 1s assumed that elastic behav-
10r still exists up to the point F,. From this point, a linear
increase in the forces that can be absorbed can also be
assumed up to the pont F_ . From this point on, softening
of the material (1n this case steel) begins and failure occurs
with further increasing deformations and decreasing forces.
The construction damper 1 must therefore be designed 1n
such a way that the force F,___ 1s not exceeded in the
maximum load case.

The force-deformation diagram shown in FIG. 15 shows
a tull load cycle for the construction damper 1 shown in FIG.
11 to FI1G. 13. The curve shown here 1s based on a compu-
tational simulation. Accordingly, a very uniform hysteresis
can be determined for the deformation behavior of the
construction damper 1 constructed according to the mmven-
tion.

FIGS. 16a, 165 and 16¢ show three further embodiments
of thrust damping parts 5 constructed 1n accordance with the
invention, these being characterized 1n that they have been
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welded together from several individual parts. The embodi-
ment shown 1n FIG. 164 1s a thrust damping part 5 in which
several square rings are welded in parallel between four
longitudinal beams 6, 8, 10 and 12, the sides of which form
the four transverse beams 7, 9, 11, 13. Due to their square
shape and the comers welded to the longitudinal beams 6
and 8, these rings are comparable 1n theirr mode of operation
to single transverse beams.

FIG. 166 shows an alternative embodiment in which
single strip-shaped transverse beams 7, 9, 11, 13 are welded
in between each of the four longitudinal beams 6, 8, 10, 12.

A third alternative 1s shown in FIG. 16¢, in which two
narrow L-profiles are inserted between the four longitudinal
beams 6, 8, 10, 12 and are also welded to them. The
L-profiles each form two transverse beams 7, 13 or 9, 11 of
the thrust damping part 5. L-profiles can be easily cut to strip
shape and welded to the longitudinal beams.

With reference to the sixth embodiment of a construction
damper 1 constructed according to the mvention shown 1n
FIG. 17, a further aspect of the mvention will now be
explained, which can be achieved by connecting two thrust
damping parts 5 1n series 1 a construction damper 1 by
means ol a likewise plate-shaped connecting means 21 with
traverses 22 provided at the ends. Indeed, by connecting
several thrust damping parts 5 1n series, it 1s possible to
achieve a damping constant d___ that 1s many times greater
than that of SHP dampers. This 1s not trivial.

By connecting several thrust damping parts 5 1n series, the
damping properties of the construction damper 1 according
to the invention can be adapted very precisely, and this can
be done 1n a very economical manner. This 1s because the
thrust damping parts 5 can be very easily prefabncated and
then joined together as required. For example, it 15 conceiv-
able that they can simply be cut to length as required and
then coupled together as shown i FIG. 17.

In the seventh embodiment shown in FIG. 18, three thrust
damping parts 5 are connected in series by using two
connecting means 21 arranged at 90 degrees to each other.
This allows the maximum permissible deformation to be
tripled compared with a conventional SHP damper.

In the example shown in FIG. 19, two differently con-
structed thrust damping parts S are connected to each other
by the connecting means 21. Although they both have the
same ground plan, they are of different lengths and have a
different number of transverse beams 7, 9, 11, 13. In the first
thrust damping part 5 shown on the left in FIG. 19, there are
s1X transverse beam planes and four longitudinal beams 6, 8,
10, 12 arranged 1n the corners. In the second thrust damping
part 5 arranged on the right, there are only two transverse
beam planes. Thus, the thrust damping part 5 shown on the
left has a greater rigidity than the thrust damping part 3
shown on the right.

The two thrust damping parts 5 are connected by a
plate-like constructed connecting means 21 in the present
example, which 1s connected at its corner points to the
respective longitudinal beams 6, 8, 10, 12.

As can be seen in the sectional view FIG. 20 and the
enlarged section shown in FIG. 21, the connecting means 21
has two webs 23 and 24. These have a certain distance to the
traverses 15 and 18. This allows the damping behavior of the
construction damper 1 to be adjusted 1n a targeted manner.
Thus, the mechanical system shown 1n FIG. 21 of a damper
consisting of two dampers connected 1n series 1s established,
in which the softer damper (shown on the right 1n FIG. 22)
has a stop that becomes active when the right thrust damping,
part 5 (shown on the right in FIG. 19), which has less
transverse beams, reaches 1ts maximum plastic deformation.
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Then the left-hand thrust damping part 5, which has a greater
rigidity, 1s activated by the webs 23 and 24. Overall, a
deformation behavior i1s obtained which 1s shown m a
simplified linear form 1n FIG. 23. In computational simula-
tion, the hysteresis shown 1n FIG. 24a can be determined for
the deformation and the associated damping behavior of the
construction damper 1 according to the mvention.

The mode of operation of the connection system with gap
closure connection shown in FIG. 21 will now be explained
with reference to the mechanical system shown 1n FIG. 22a
and the associated force-deformation diagram shown in FIG.
23. Namely, the gap closure connection system enables the
creation of a construction damper 1 with two diflerent
rigidities, resulting 1n two different force levels each gen-
erating plastic deformation, as may occur under difierent
carthquake loads 1n a construction.

Thus, the construction damper 1 1s constructed 1n such a
way that in case of a smaller earthquake, the generated
deformation d 1s smaller than d2 (d<d2). Accordingly, the
construction damper 1s soiter and provides only a smaller
damping force (F<F2). This allows a more elastic structure
for the construction. This ensures that smaller maximum
accelerations are introduced into the construction during
small earthquakes. This 1s a significant and non-trivial
improvement of the construction damper 1 according to the
invention compared to conventional SHP and BRB dampers.
It allows a significantly improved protection of the non-
structural or load-bearing parts of the construction, such as
the electrical equipment or the interior furnishings.

In case of large earthquakes, larger deformations occur 1n
the construction (d>d3). Now the damper 1 according to the
invention 1s also able to provide a larger damping force
(F3<F<Fmax). Also, the rigidity 1s now significantly greater,
which means that the construction 1s better protected against
failure.

FIG. 24a shows the hysteresis loop of the construction
damper 1, where the iner loop corresponds to the behavior
in case of a small earthquake, while the outer part of the loop
shows the behavior in case of a large earthquake.

FIG. 226 shows the mechanical system of an alternative
embodiment of a construction damper 1 according to the
invention. This differs from that of FIG. 22a 1n that here the
construction damper 1 also has a locking system for the
thrust damping part 5 shown on the left of the figure. This
ensures that when the deformation d exceeds d (d>d2) for
the first time, the thrust damping part 5 can no longer
deform. Now only the thrust damping part 5 drawn in the
system on the right contributes to the damping of the
carthquake.

FIG. 245 shows the hysteresis loop of a construction
damper 1 constructed according to FI1G. 225, where the inner
loop again corresponds to the behavior 1n case of a small
carthquake, while the outer part of the loop shows the
behavior 1n case of a large earthquake. As can be seen 1n
particular by comparison with the curve i FIG. 24a, this
embodiment makes it possible to increase the total amount
of energy to be dissipated (this corresponds to the area inside
the hysteresis curve). This follows from the much smoother
curve at large earthquake loads compared to FI1G. 24a. This
embodiment consequently leads to better protection of the
construction during large or severe earthquakes with
approximately the same good damping behavior during
small earthquakes.

FIG. 25 shows three examples of how a construction
damper 1 according to the mvention can be installed 1n a
construction. Here, FIG. 254 shows a construction with a
truss beam 25 to which the construction damper 1 1s
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attached. Furthermore, the construction has two vertical
supports 26 on which a ceiling disc 27 rests. It an earthquake
occurs, normal forces are generated 1n the truss beam 235 due
to the movements of the ground imposed on the construc-
tion. These are damped by the construction damper 1.

FIG. 25b shows a second example of how a construction
damper according to the invention can be installed in a
construction. Here, the construction damper 1 1s fixed like a
truss rod between a node of two truss beams 25 and the
ceiling disc 27. Here, too, only normal forces are introduced
into the construction damper.

FIG. 25¢ shows a third example of how a construction
damper 1 according to the invention can be installed 1n a
construction. In this case, the construction 1s a bridge 1n
which the construction damper 1 1s fastened between the
bridge deck 28 and an counter bearing 29. Here, too, the
mounting 1s carried out in such a way that only normal
forces are mtroduced into the construction damper 1.

REFERENCE NUMERALS

. construction damper

steel beam

. mortar

. sheathing tube

. thrust damping part

. first longitudinal beam

. transverse beam of first alignment

. second longitudinal beam

. transverse beam of second alignment

. third longitudinal beam

. transverse beam of third alignment

. Tourth longitudinal beam

. transverse beam of fourth alignment

. first force ntroduction means

. traverse of the first force introduction means
. bore of the first force introduction means
. second force introduction means

. traverse of the second force introduction means
. bore of the first force mtroduction means
. weld seam

. connecting means

. traverse of the connecting means

. first web

. second web

. truss beam

. support

. ceiling disc

. bridge deck

29. counter bearing

The 1invention claimed 1is:

1. A construction damper with at least one at least 1n
regions ladder-like constructed thrust damping part which
has at least two longitudinal beams which are connected to
cach other by at least two rung-like transverse beams which
are aligned parallel to each other 1n a first alignment,
wherein the rung-like transverse beams at their ends are each
connected to the longitudinal beams 1n a bending-rigid
manner, wherein

the thrust damping part has a spatial structure, wherein at

least two further rung-like transverse beams extending
parallel to each other are arranged in a second align-
ment deviating from the first alignment, and

the thrust damping part has at least one force introduction

means,

wherein the force introduction means 1s constructed as a

u-shaped plate with two parallel legs, the legs of which
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laterally encompass the thrust damping part and at the
outer leg ends of which a traverse connecting the two
leg ends 1s arranged for closing the u-shaped recess.

2. The construction damper according to claim 1, wherein
the thrust damping part has several transverse beam planes
with at least one of the transverse beams arranged therein,
wherein the transverse beam planes are arranged parallel
spaced apart along the longitudinal axis of the thrust damp-
ing part.

3. The construction damper according to claim 2, wherein
at least two of the transverse beams are arranged in each
transverse beam plane, of which at least one transverse beam
extends 1n a first alignment and one further transverse beam
extends 1n a second alignment deviating from the first
alignment.

4. The construction damper according to claim 2, wherein
the several transverse beam planes are arranged at the same
distance from each other along the longitudinal axis of the
thrust damping part.

5. The construction damper according to claim 1, wherein
at least two transverse beam planes each with at least two of
such transverse beams arranged therein are provided 1n the
thrust damping part.

6. The construction damper according to claim 1, wherein
the thrust damping part 1s at least partly made of metal.

7. The construction damper according to claim 1, wherein
at least one of the transverse beams has a beam height which
increases towards both ends.

8. The construction damper according to claim 1, wherein
the thrust damping part has a symmetrical, polygonal or
round ground plan 1n plan view of its longitudinal axis.

9. The construction damper according to claim 1, wherein
the thrust damping part has at least three of such longitudinal
beams.

10. The construction damper according to claim 1,
wherein the thrust damping part has a polygonal ground plan
in plan view, 1n each of the corners of which one of such
longitudinal beams 1s arranged.

11. The construction damper according to claim 1,
wherein the longitudinal beams and the transverse beams of
the thrust damping part are welded to each other.

12. The construction damper according to claim 1,
wherein the thrust damping part has at least one elongated
wall plate having several parallel slots extending trans-
versely to the longitudinal axis of the wall plate.

13. The construction damper according to claim 1,
wherein the thrust damping part has several multiple-slotted
wall plates arranged at an angle to each other 1n plan view
of 1ts longitudinal axis.

14. The construction damper according to claim 1,
wherein the thrust damping part has a tube, and wherein in
at least one tube wall several parallel slots extending trans-
versely to the longitudinal axis of the tube are arranged and
constructed 1n such a way that in the longitudinal direction
ol the tube there are at least two continuous wall sections
which form the longitudinal beams of the thrust damping
part, while the wall sections extending transversely to the
longitudinal axis of the tube between the slots form the
rung-like transverse beams.

15. The construction damper according to claim 14,
wherein the tube wall 1s at least partially flat or curved.

16. The construction damper according to claim 14,
wherein the tube has a round or polygonal cross-section in
plan view of its longitudinal axis.

17. The construction damper according to claim 1,
wherein the thrust damping part has at least one clasp-like
constructed force introduction means.
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18. The construction damper according to claim 1,
wherein the force introduction means connects two non-
adjacent longitudinal beams of the thrust damping part.

19. The construction damper according to claim 1,
wherein the force introduction means 1s attached to two
non-adjacent longitudinal beams.

20. The construction damper according to claim 1,
wherein the force introduction means has a fastening means
for fastening the construction damper to a construction.

21. The construction damper according to claim 1, com-
prising several thrust damping parts, wherein at least two of
the thrust damping parts are connected to each other by
means of at least one connecting means.

22. The construction damper according to claim 1, com-
prising several thrust damping parts, wherein at least one of
the thrust damping parts has a damping eflect which differs
from the other thrust damping part(s).

23. The construction damper according to claim 1, com-
prising several thrust damping parts, wherein at least two
differently rigid thrust damping parts are connected to each
other 1n such a way that in case of a small earthquake only
the less rigid thrust damping part 1s activated and 1n case of
a large earthquake both the more rigid and the less rigid
thrust damping part are activated.

24. The construction damper according to claim 1, com-
prising several thrust damping parts, wherein at least two
differently rigid thrust damping parts are connected to each
other 1n such a way that 1n case of a small earthquake only
the less rigid thrust damping part 1s activated and in case of
a large earthquake only the more rigid thrust damping part
1s activated.

25. The construction damper according to claim 22,
wherein the connecting means has a locking system for
limiting or suppressing movements ol at least one of the
thrust damping parts arranged therein.

26. The construction damper according to claim 22,
wherein the connecting means has two u-shaped recesses,
the legs of which each laterally encompass one of the thrust
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damping parts and at each of the leg ends of which there 1s
arranged a traverse connecting the two outer leg ends.

27. The construction damper according to claim 1,
wherein at least one longitudinal side of one of the longi-
tudinal beams of the thrust damping part 1s welded longi-
tudinally to at least one of the legs of the force introduction
means.

28. The construction damper according to claim 1,
wherein at least two transverse beam planes each with four
of such transverse beams arranged therein are provided 1n
the thrust damping part.

29. The construction damper according to claim 1,
wherein the thrust damping part 1s at least partly made of
steel.

30. The construction damper according to claim 1,
wherein all transverse beams have a beam height which
increases towards both ends.

31. The construction damper according to claim 1,
wherein the thrust damping part has four of such longitu-
dinal beams.

32. The construction damper according to claim 1,
wherein the force mtroduction means has a bore for fasten-
ing the construction damper to a construction, and wherein
the bore 1s arranged on the side of the force introduction
means opposite the traverse.

33. The construction damper according to claim 1, com-
prising several thrust damping parts, wherein at least one of
the thrust damping parts has a damping eflect which differs
from the other thrust damping part(s) because 1t has a
different number of transverse beams.

34. The construction damper according to claim 1,
wherein at least one longitudinal side of one of the longi-
tudinal beams of the thrust damping part 1s welded longi-
tudinally to at least one of the legs of the connect means.
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